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ABSTRACT 
 
Porcine Reproductive and Respiratory Syndrome (PRRS) is an endemic swine 
disease causing significant production and economic losses. Knowledge of PRRS 
epidemiology at breeding farms is crucial to develop control strategies against this 
disease. In that regard, classifying breeding herds according to PRRS virus (PRRSV) status 
provides great applied knowledge for developing disease control programs and to 
evaluate the production impact of PRRSV infection in breeding sows. The aim of this study 
was to establish a systematic monitoring program for PRRSV in Spanish sow farms and to 
evaluate the production differences between stable and unstable breeding herds. 
Thirty-five breeding herds belonging to a large integrated Spanish group were 
classified according to a standardized PRRSV infection status using sampling programs 
and terminology currently adopted in the United States swine industry, during a one-year 
study period (February 2017-March 2018). Differences in abortions (ABTHS), born-alive 
piglet (BAR) and pre-weaning mortality (PWMR) rates and in the number of weaned 
piglets/1000 sows (WPTHS) between unstable and stable farms were evaluated using a 
general linear mixed model on a weekly basis. 
According to monitoring, 15 farms achieved a stable PRRSV status after the first 4 
consecutive samplings and 20 farms were classified as unstable. One of the farms 
maintained a stable status throughout the whole monitoring period. Among the 20 farms 
classified as unstable at the beginning of the monitoring protocol, 9 farms never reached 
the stable status and 11 farms reached stable status afterwards during the monitoring 
period. Regarding production differences between PRRSV farm status, significant 
improvement due to the achievement of PRRSV stability were observed on BAR (+1.08%), 
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PWMR (-0.95) and WPTHS (+25.2). On a yearly basis, PRRSV stabilization would represent 
an increase of 1.3 piglets/sow/year. 
Systematic monitoring for PRRSV in breeding herds established a basis of 
knowledge of PRRSV epidemiology at the farm level and provided key data to classify 
farms according to PRRSV status. This classification allows veterinarians and producers to 
evaluate the production productivity benefit of the achievement of PRRSV stability in 
breeding herds. 
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CHAPTER 1: GENERAL INTRODUCTION 
Thesis Organization 
This thesis is organized in four chapters. Chapter 1 serves as a general introduction 
to the thesis organization and to the research project involved in it. Chapter 2 is a 
scientific research paper titled “Development and implementation of PRRS classification 
system in swine breeding herds in Spain”. Chapter 3 is a scientific research paper titled 
“Effect of PRRS stability on production parameters in Spanish breeding herds”. Finally, 
Chapter 4 serves a general conclusion of the research projects. 
Introduction of the Research Project 
Background 
Porcine reproductive and respiratory syndrome (PRRS) 
Porcine Reproductive and Respiratory Syndrome (PRRS) is a swine disease causing 
significant production and economic losses in pig farms due to reproductive failure in 
breeding females and respiratory distress in pigs of different ages (1, 2, 3).  The etiologic 
agent, the PRRS virus (PRRSV), is a small, enveloped, positive-sense, single-stranded RNA 
virus belonging to the Arteriviridae family in the order of Nidovirales. PRRSV is 
characterized for its exceptional genetic diversity and high mutation rate. PRRSV strains 
are classified into two specific species PRRSV 1 (European) and PRRSV 2 (North American) 
according to the new taxonomy of the nidoviral family Arteriviridae (4) 
Transmission of the virus can occur both vertically, from gestating breeding 
females to its offspring (5, 6, 7); and horizontally from infected to susceptible pigs by oral, 
nasal (8), intrauterine, vaginal (9), or parenteral exposure (10). Indirect transmission by 
contact with contaminated fomites such as needles (11) and infectious aerosols (12) can 
also be possible. 
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In the field, PRRSV infection can cause clinical disease in breeding herds and 
growing pigs. Severity of clinical outbreaks are related to the virus strain virulence, 
susceptibility and immunity level of the infected pig. The most common clinical sign in 
breeding herds is reproductive failure that can include irregular returns to estrus, late-
term abortions, early farrowing, increasing number of stillborn, and weak viremic piglets 
at farrowing, and increasing mortality rates in suckling piglets (1, 2, 3). Therefore, PRRSV 
infection in breeding females causes a production impact due to the reduction of the 
number of weaned piglets. In growing pigs, infection is characterized by respiratory 
distress, anorexia, inactivity, hyperthermia, cutaneous erythema, rough hair coats (1), and 
increased incidence and severity of other secondary respiratory and systemic co-
infections such as Haemophilus parasuis, Pasteurella multocida or Streptococcus suis (13). 
Internal biosecurity practices such as McRebel procedures (Management Changes 
to Reduce Exposure to Bacteria and Eliminate Losses) and “Load-Close-Expose” protocols 
in breeding herds are probably the most common strategies applied for the control of the 
disease (14, 15, 16). Once clinical disease has been controlled, next step in the control of 
PRRS can be based either on the maintenance of the clinical stability under PRRSV 
positive conditions or to consider the possible elimination of the virus in the herd.  
In breeding herds PRRS prevention and control should be based on complex 
strategies involving strict external biosecurity, replacement gilt management, and active 
immunization of herds using both natural exposure to the field virus and vaccination with 
modified live virus (MLV) vaccines. Vaccination programs in breeding females commonly 
include two-shots, three to four weeks apart in gilts during their acclimation period, with 
the second dose at least one month before entering to the breeding herd; and three to 
four yearly mass vaccination in sows.  
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Economic impact of PRRSV infection in breeding herds in Europe 
PRRS disease causes huge pig production losses worldwide. In the USA, the 
assessment of the annual economic impact of PRRS on swine production is about $664 M 
(17). In Europe, few reliable estimations of the total cost of the disease on the swine 
industry are available. However, in a study based on interviewing producers from 
different European countries about the incidence and prevalence of PRRSV in their farms 
and the estimated cost of a clinical outbreak in the UK; they estimated the yearly cost of 
PRRS for the most important pig production countries such as Germany (329.5€ M), Spain 
(388.9€ M) and Russia (157.2€ M) (18). 
Regarding the cost of PRRS in breeding herds in Europe, a recent Dutch study 
estimated between 59€ and 359€ the economic losses per sow due to a clinical outbreak 
(19). A previous study in 2011 in the UK, it was estimated the impact of the acute 
infection in sows about 101€/sow (17). In Spain, according to the SIP (Sistemes 
d’Informació per la producció) Consultors database, a company which provides economic 
consultancy to Spanish swine companies and integrates data from 650,000 sows, 
economic losses for a 6-month outbreak were assessed between $122 and $200 per 
productive sow present in the farm (20). 
Introduction to pig production in Spain 
With a human population of 47 million people, Spain is currently the largest pig 
producing country in Europe with 2.5 million sows and totally 31 million pigs (21). Despite 
this, Germany remains the largest one in terms of pork meat production and slaughtered 
pigs (22). Pig production in Spain with a turnover of €15 billion, accounts for 36% of the 
livestock’s total production and 14% of their industrial gross domestic product (23). 
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Regarding the production structure, it is estimated that 80% of pig farms are 
integrated to mid-large production groups. On the other hand, extensive production 
systems of the domestic Iberian breed would account for 10% of pig production (24). 
Breeding farm size can widely vary from 200 to 5,000 sows and using different types of 
multi-site systems rather than farrow-to-finish systems. Geographically, pig production in 
Spain is concentrated in three main production areas (Figure 1) (25):  
-North-East area: Comprising the autonomous communities of Catalonia and 
Aragon, and almost 50% of the national pig population. Most of the largest pig integrated 
groups are located in this area. 
-South-West area: Comprising the autonomous communities of Andalucia, 
Extremadura and Castilla-Leon, with 25% of the national pig population and where 
Iberian pigs are extensively raised mainly in small scale family owned farms. 
-Murcia province: A South-Eastern province comprising up to 10% of the national 
pig population. In this province are located two of the largest pig integrated groups. 
 
 
Figure 1: Map of the pig population distribution in Spain and 3 main production areas: 
1: North-west area; 2: South-west area; 3: Murcia province. 
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PRRSV monitoring and status classification in breeding herds in Spain 
The knowledge of the epidemiology of PRRSV at the farm, production group 
system and regional levels is key to establishing preventive and control strategies. In 
2011, the American Association of Swine Veterinarians (AASV) discussed, designed and 
published the guidelines with specific and detailed information related to the criteria for 
monitoring practices and diagnostic tests to be performed in order to establish the PRRSV 
status classification for swine farms according its PRRSV exposure and shedding 
conditions (26). Exposure status is a binary result based on anti-PRRSV antibodies 
detected by ELISA (positive or negative). Shedding status is also a binary variable based on 
PRRSV RNA detection by RT-PCR in serum samples (positive or negative). 
In this document, they established four main categories for breeding herds: 
I) Positive Unstable: Presence of clinical signs and/or positive (or unknown) 
shedding and exposure status. 
II) Positive Stable: Uncertain shedding status and exposure positive status. 
Absence of clinical signs of PRRS and sustained lack of detectable viremia in 
sampled weaning-age piglets.  
III) Provisional Negative: Negative shedding status and positive exposure 
status. 
IV) Negative: Negative shedding and exposure status. 
From positive unstable (PU) status, the positive stable (PS) status achievement is 
based on monthly individual serum sampling of 30 due-to-wean piglets. Samples are 
pooled (6 pools of 5 samples) and tested by PCR. Farms reach PS status when at least four 
consecutive completely negative samplings are obtained. 
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Since PRRSV control and farm stabilization, instead of PRRSV elimination, are the 
main objectives for most of the breeding herds in Spain, achieving and maintaining PS 
status is considered a milestone for PRRS control. However, most of the farms do not 
apply regular, systematic monitoring and so, they do not have consistent information 
about the PRRSV status over an extended period of time. Most often, PRRSV stability is 
defined by the absence of clinical signs sometimes complimented with few negative PCR 
results on due-to-wean piglet’s samples. With these premises, they consider the farm 
PRRSV stable without further diagnostic monitoring until a new clinical outbreak occurs in 
the farm. 
The lack of regular and consistent PRRSV monitoring in positive breeding herds in 
Spain makes it difficult to get reliable data about the real PRRSV status of the farms over 
time. Under this circumstance, it is hard to draw a clear picture of the PRRSV 
epidemiology that would be especially interesting for large integrated groups in order to 
better understand the epidemiology of PRRSV in the group, to evaluate the success or 
failure of the preventive and control measures applied, and to estimate the production 
and economic impact of PRRS. 
Objectives 
The objectives of this project were to establish a one-year regular systematic 
PRRSV monitoring program for PRRSV positive breeding herds of a large integrated group, 
in order to establish the PRRS status classification of each breeding farm over time; to 
study the PRRSV virus epidemiology within the integrated group and to evaluate the 
production impact of PRRSV stabilization in breeding herds. 
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Material and Methods 
From the 43 breeding farms, at the beginning of the project (February 2017), that 
belong to a large integrated swine group in Spain (Piensos Costa S.A.), 35 positive 
breeding herds were enrolled in the one-year PRRSV monitoring program. The other five 
farms were classified as PRRSV negative and the other three others were ruled out of the 
program due to internal technical issues. 
 All breeding farms included in the study were located in the North-East area of 
Spain comprising 3 autonomous communities: Navarra, Aragon and Catalonia (Figure 2). 
Farm sizes ranged from 550 to 3,900 sows, accounting totally for 77,000 sows. The 
monitoring program implemented in each breeding farm of the study was based on 13 
monthly samplings of individual sera from 30 due-to wean piglets. Samples were tested 
for PRRSV RNA by RT-PCR on 5 pools of six individual samples. Following the criteria 
described by Holkamp et al. (25), weekly PRRSV status was established according to the 
results of the last sampling. At the same time, and for further epidemiologic investigation, 
PRRSV open reading frame (ORF)-5 gene sequencing was performed from eligible positive 
samples. Moreover, at each sampling time, information related to PRRS clinical signs and 
PRRS vaccination events was collected through an interview with the farm’s staff present 
at the time of sampling. 
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At the same time, weekly production data of each farm was collected during the 
entire monitoring period (From February 2017 to March 2018). Using these data and a 
generalized linear mixed model (Glimmix procedure of SAS 9.4 analytic software), we 
evaluated the production relationship of productivity changes, and changes in production 
related to the PRRSV status. We were able to estimate the differences in four key 
production indicators regarding the PRRSV status of the farm: abortion, born-alive piglets, 
pre-weaning mortality, and weaned piglets’ rates. 
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Abstract 
Background 
Porcine Reproductive and Respiratory Syndrome (PRRS) is an endemic swine 
disease causing significant production and economic losses. Knowledge of PRRS 
epidemiology at the farm or regional level is crucial to develop control strategies against 
this disease. In that regard, classifying farms according to PRRS virus (PRRSV) shedding 
and exposure, and understanding key drivers of change in status over time, provides 
great applied knowledge for developing tailored disease control programs. In most 
European countries, PRRSV monitoring is performed most frequently at the individual 
farm level although criteria selected for monitoring varies among different regions and 
farms. The aim of this study was to establish a systematic monitoring program for PRRSV 
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in Spanish sow farms. Breeding herds were classified according to a standardized PRRSV 
infection status using sampling programs and terminology currently adopted in the 
United States (US) swine industry, which allowed an evaluation of PRRSV evolution and 
epidemiology in a large integrated Spanish group during a one-year study period 
(February 2017-March 2018). 
Results 
15 farms achieved a stable PRRSV status after the first 4 consecutive samplings 
and 20 farms were classified as unstable. One of the farms maintained a stable status 
throughout the duration of the whole monitoring period.  
Among the 20 farms classified as unstable at the beginning of the monitoring 
period, 9 farms (45%) never reached the stable status and 11 farms (55%) reached stable 
status during the monitoring study period. The percentage of stable farms increased from 
February 2017 (45.7%) until July 2017 (74.3%). Afterwards, this percentage declined by 
January 2018 (32.4%). 
From PRRSV PCR positive pools, there were 47 different PRRSV nucleotide 
sequences from 24 different farms. More than one PRRSV sequence was obtained from 
15 farms. In the farms with more than one sequence detected, we observed recirculation 
of the same PRRSV field strain in 10 farms and introduction of a different PRRSV strain in 
8 farms. 
Conclusions 
Systematic monitoring for PRRSV in breeding herds established a basis of 
knowledge of PRRSV epidemiology at the farm level and provided key data to classify 
farms according to PRRSV exposure and shedding status. These data allow further 
evaluation of the impact of the PRRSV farm status on production and economic 
14 
performance in breeding herds, additional investigation of factors related to PRRSV 
epidemiology, and establish action plans for the control of PRRSV on monitored farms. 
Keywords 
PRRS, virus, monitoring, breeding herd, stability, mass vaccination. 
Background 
Porcine Reproductive and Respiratory Syndrome (PRRS) is an endemic swine 
disease causing significant production and economic losses in pig farms due to 
reproductive failure in breeding females and respiratory distress in pigs of different ages 
(1), (2), (3) . PRRS epidemiological knowledge at farm or regional levels and farm 
classification according the PRRS virus (PRRSV) status are key points necessary to develop 
appropriate control strategies for this disease (4), (5). In 2010, the American Association 
of Swine Veterinarians (AASV) Board of Directors approved a herd classification system 
for describing the PRRSV status of herds based on determining both shedding and 
exposure status of the herd (4). In this classification, four main PRRSV status categories 
were described: 1) Positive Unstable, 2) Positive Stable, 3) Provisional Negative, and 4) 
Negative, based on the detection of PRRSV RNA by RT-PCR, and anti-PRRSV antibodies by 
ELISA in serum samples following a standardized sampling protocol. Nowadays, this 
classification is commonly used in the United States (US) as a guideline for PRRSV 
monitoring in breeding herds, and many farms involved in local or regional PRRS control 
programs apply it systematically. 
In Europe, PRRSV is endemically present in almost all countries with the exception 
of Norway, Finland, Sweden, and Switzerland which are considered PRRSV-free countries 
(6). Despite PRRS diagnostic assays being fully available in most European countries and 
the fact that several monitoring programs had been proposed for some areas where 
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regional PRRS control programs have been established, PRRSV monitoring is performed 
most frequently at the individual farm level and following different criteria among 
different regions and farms. Therefore, systematic and periodic monitoring of PRRSV in 
Europe is lacking, which limits the epidemiological knowledge on PRRSV at regional or 
national levels. Moreover, at the farm level, the lack of systematic monitoring of PRRSV 
leads to irregular and non-standardized information about the PRRS status of farms, 
which makes it difficult to understand if there had been any progress towards reducing 
the negative impacts of PRRS or improved control over time. 
The aim of this study was to establish, for the first time, a systematic monitoring 
program for PRRSV in Spanish sow farms. Breeding herds were classified according to a 
standardized PRRS status using terminology currently adopted in the US swine industry, 
which allowed an evaluation of the evolution of PRRS epidemiology in a large integrated 
Spanish production system during a one-year study period. 
Material and Methods 
Study design 
This was a prospective field study which enrolled 35 Spanish breeding herds 
between February to March 2017 for a 12 month PRRSV monitoring project with samples 
collected each month during the study period. Before starting the monitoring study 
period, general information of each farm was collected: farm ID, geographic location, 
herd size, production system, gilt replacement system, and health status for other major 
pathogens. 
Study population 
All 35 breeding herds (76,800 sows) from one large integrated group located in 
Spain were enrolled in the study. Farm size ranged from 550 to 3900 sows, and all farms 
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were considered positive to PRRSV, Mycoplasma hyopneumoniae, Actinobacillus 
pleuropneumoniae and Influenza A virus at the beginning of the study period. All farms 
were located in North-East Spain covering 3 autonomous regions: Navarra (3 farms), 
Aragón (25 farms) and Catalunya (7 farms) and four different swine genetics were used in 
the system. Additional individual farm information is summarized in Table 1. 
Table 1. Demographic information of the farms included in the study.  
Farm code Location (Spanish region) Sows Genetic code Production system* 
40 Catalunya 3000 A S1 
45 Aragon 1200 A FTF 
54 Catalunya 550 A FTF 
58 Catalunya 3000 A S1 
74 Catalunya 1000 A S1+S2 
92 Aragon 750 A S1+S2 
125 Catalunya 3500 A S1 
127 Catalunya 1100 A S1 
128 Aragon 550 A S1 
136 Aragon 1080 A S1 
137 Aragon 800 A S1 
138 Aragon 550 A S1 
145 Aragon 2800 B S1 
147 Aragon 2580 A S1 
159 Aragon 3000 B S1 
174 Aragon 3000 B S1 
230 Aragon 3500 B S1 
232 Aragon 2300 C S1+S2 
243 Aragon 2400 C S1+S2 
281 Aragon 2800 B S1 
332 Aragon 1200 A S1 
351 Catalunya 3500 A S1 
355 Aragon 2400 C S1 
359 Aragon 3300 B S1 
383 Aragon 2600 B S1 
417 Navarra 2900 C S1+S2 
419 Navarra 2900 C S1+S2 
449 Aragon 3300 C S1 
450 Aragon 620 C S1 
682 Aragon 2800 D S1+S2 
747 Aragon 950 C S1+S2 
772 Aragon 3900 B S1 
830 Aragon 3500 B S1 
857 Navarra 2000 B S1 
868 Aragon 1500 B S1 
*S1: Breeding farm only; S1+S2: Breeding and Nursery sites in the farm; FTF: Farrow-to-
Finish farm. 
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Diagnostic monitoring protocol 
A systematic PRRSV monitoring project for the classification of PRRS status was 
designed based on the AASV guidelines (4). More specifically, study farms adopted a 
diagnostic monitoring protocol, which consisted of monthly individual blood sampling of 
30 due-to-wean piglets. Piglets were selected according the following criteria: one piglet 
per litter, preferably low-weight/weak piglets, and preferably from first parity sows. 
Serum from individual samples were pooled (5 pools of 6 samples), and tested for PRRSV 
RNA by RT-PCR using previously validated assays (7).  
PRRS classification 
The study started under the assumption that all PRRSV positive farms were 
positive but unstable, since no previous systematic PRRS diagnostics were available, and 
farms were considered a positive stable (PS) status after 4 consecutive negative PCR tests 
for all tested pools. When at least one pool was PCR-positive, farms remained in the 
positive unstable (PU) status. Similarly, farms that reached PS status during the study 
period turned PU when at least one subsequent pool was PCR-positive.  On the other 
hand, PU farms changed to PS when they achieved 4 consecutive PCR-negative samplings. 
In this case, time to PS status was established starting at the time of the first PCR negative 
sampling in the series. To describe changes in PRRS status over time, weekly status of the 
farm was established based on the result of the most recent PCR test. 
Genetic diversity of PRRSV 
Selected PCR-positive results were submitted for PRRSV open reading frame 5 
(ORF-5) nucleotide sequencing by the Sanger method (8), which allowed description of 
PRRSV genetic diversity among study herds including the proportion of vaccine-like and 
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field-type PRRSV. PRRSV ORF-5 sequences were analyzed, and contingency table and 
phylogenetic tree were determined using Geneious 11.1.5 software (Biomatters LTD, NZ). 
Selection of positive pools for sequencing was based on the PCR cycle threshold (Ct) value 
in order to maximize the success rate. More specifically, PCR-positive pools were 
considered eligible for sequencing when the Ct value was below 32, according to the 
history of success of the veterinary diagnostic laboratory that performed the sequencing. 
From eligible pools, we selected the first and last positive sampling during the study 
period for each farm in order to identify the circulating PRRSV at the beginning and at the 
end of the study period, and to assess PRRSV genetic diversity during the study period. 
Additionally, samples were considered eligible for PRRSV ORF-5 sequencing when PS 
farms shifted to PU during the monitoring period and also, periodically (every 3-4 
months) for farms that kept PU status for long periods (> 4 month).  PRRS viruses were 
considered MLV-vaccine like when they had at least 99% similarity with any known PRRS 
MLV vaccine sequence. Likewise, PRRS viruses were considered ‘field-type’ when 
nucleotide similarity to PRRS MLVs were less than 99%. 
Epidemiological data collection 
Complementary information related to PRRS vaccination practices in each farm 
was collected through an interview of farm staff at every sampling time. This interview 
included questions about vaccination events performed in the farm since the last 
sampling visit, recording last vaccination date and type of vaccine for either sows or 
piglets. In the event piglets were vaccinated at the farm, sampling was performed from 
the oldest piglets present, but not yet vaccinated and allocated to lactation rooms where 
none of the piglets were vaccinated. 
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Statistical analyses 
Descriptive statistics were used to document proportion of herds in each PRRS 
status category, and changes of PRRS status over time.  Moreover, a phylogenetic 
description was conducted to report the PRRSV genetic diversity within study herds. Also, 
possible effects of sows’ and piglets’ vaccination status with a MLV PRRS vaccine on the 
stability and farm classification were assessed. 
Results 
A total of 13 samplings per farm were performed during the one-year monitoring 
period in all 35 farms in the study. Results of each sampling and farm classification 
according the PRRS status are displayed in Figure 1. Fifteen farms (42.8%) reached PS 
status after the first 4 consecutive samplings and 20 farms (57.1%) were classified as PU. 
Just one of the PS farms at the beginning remained classified as PS during the entire 
monitoring period (Farm 417) and 14 farms shifted to PU. Additionally, 7 of these 14 
farms reached PS status a second time (Figure 1A). Among the 20 farms classified as PU at 
the beginning, 9 farms (45%) never reached PS status and 11 farms (55%) reached PS 
status at one point, but just 1 of these maintained the PS status for the rest of the 
monitoring period. The other 10 farms failed to maintain PS status and returned to PU 
status again (Figure 1B).  
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Taken together, just 10 farms (1 PS and 9 PU) of 35 (28.6%) kept the same status 
for the entire study period, and 25 farms (71.4%) changed their PRRS status one or more 
times. Throughout the study period, the percentage of PS farms (Figure 2) increased from 
the beginning of the study (45.7%) until mid-July of 2017, where it reached the maximum 
(74.3%). Afterwards, this percentage dropped until January 2018 where it reached its 
minimum (32.4%). 
 
Figure 2. Evolution of the percentage of Unstable (PU) and Stable (PS) farms during the 
monitoring period (February 2017 to March 2018). 
 
According to the epidemiological survey data collected at the pig sampling times, 
all farms applied sow mass vaccinations (SMV) with a MLV PRRS vaccine 
(UNISTRAIN®PRRS, Hipra, Spain). Most of the farms (n=20) followed a 3-times-a-year SMV 
program, scheduled around February, June, and October. However, some farms followed 
an irregular program (n=13) or applied additional SMV in the event of a PRRS clinical 
outbreak (n=2). Additionally, vaccination of piglets at 2-3 weeks of age with 
UNISTRAIN®PRRS was conducted during the entire study period in farms 40 and 58; and 
occasionally in 6 other farms (Farms: 230, 125, 351, 174, 159 and 747).  
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Taking into account all 35 farms, during the study period we registered 126 SMV 
events, from which 58 (46%) were carried out during PS status time (Figure 3). After SMV 
under PS classification, there was no detection of PRRSV by RT-PCR in weaning piglets on 
the next sampling in 44 out of 58 SMV (75.9%) events. For the other 14 SMV events 
(24.1%), PCR positive results were obtained in the next sampling after SMV. However, in 6 
of these 14 cases (42.9%), the positive PRRSV PCR was related to the presence of PRRSV 
field strains, indicating a possible new recirculation or new introduction of PRRSV in the 
farm. For the other 8 SMV events where we obtained a PRRS PCR positive result in the 
next sampling, ORF-5 sequence of PRRSV was not possible due to high Ct values, but in all 
cases positive PRRSV PCR results were limited to the immediate next sampling and not 
observed in subsequent samplings. 
From PCR positive pools, we obtained 47 different PRRSV nucleotide sequences 
from 24 different farms. Epidemiologically and according to sequence homology and 
phylogenetic analysis, we could define 8 different PRRSV clusters encompassing 40 of the 
sequences, but 7 sequences did not cluster with a particular group (Figure 4). More than 
one PRRSV ORF-5 sequence was obtained in 15 farms, and 9 farms had just one PRRSV 
sequence identified. 
In the farms with multiple sequences, we observed recirculation of the same PRRS 
field virus strain in 10 farms and introduction of a different PRRSV strain in 8 farms. In 3 
farms (farm 58, 125 and 127) we observed both recirculation of the same PRRSV strain 
and introduction of a different PRRSV strain. Nucleotide sequences matching with MLV 
applied in the farms were found only in 2 farms (ID 136 and ID 232). 
.   
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Figure 4. Phylogenetic tree based on complete PRRSV ORF5 gene nucleotide sequence of 47 
PRRSV field strains and Unistrain®PRRS. The tree was generated using Neighbor-Joining method 
with Geneious Tree builder. The scale bar indicates the genetic distance. Different clusters are 
marked with different colored boxes.  
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Discussion 
The present study provides, for the first time, complete results of a 1-year 
systematic monitoring program of PRRS in breeding herds of a large integrated European 
swine production system. Systematic sampling of due-to-wean piglets every 4-6 weeks 
allowed us to establish the PRRS status for each farm along the entire study period. 
Following PRRSV farm classification criteria proposed by AASV (4) just one farm classified 
as stable at the beginning of the study period remained stable for the entire 1-year study 
period (farm 417). Moreover, just one of the farms (farm 230) that reached PS status later 
during the study period kept this status until the end. On the other hand, 9 farms never 
reached PS status despite presenting different patterns of alternating PCR positive and 
negative results. This finding is in agreement with previous studies (9) demonstrating 
intermittent pattern of PRRSV detection by RT-PCR in herds undergoing PRRSV control 
and reinforcing the necessity of systematic and multiple-time sampling to establish a 
reliable PRRS status of the farm. In PU farms, this intermittent pattern could be related to 
fluctuating PRRSV circulation levels over time getting closer to the 10% prevalence limit of 
detection of the sampling design (4). 
In PS farms, occasionally PCR positive results were observed in the following 
sampling just after a PRRS SMV administration with MLV, indicating low levels of PRRSV 
vaccine strain circulation in due-to-wean piglets, which were not detected in the 
subsequent samplings. Unfortunately, due to the low PRRSV RNA content in these 
positive samples, identification of the PRRSV strain by nucleotide sequencing was not 
possible. Nevertheless, this detection made some PS farms shift to PU transitorily for 
several weeks.  
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Detecting a PRRS MLV vaccine strain could mask the real PRRS status of the farms, and 
thus affect the number of breeding farms which really remained PS for the whole study 
period. 
Despite the fact that PRRS MLV showed the possibility of shedding and 
transmission between vaccinated and non-vaccinated animals under experimental 
conditions (10), in our study, piglet PRRS vaccination at 2-3 weeks of age did not affect 
the PRRS classification in any of the 6 farms when samplings were performed on piglets 
just after vaccination and located in separated barns from vaccinated piglets. This 
observation in our study could indicate a very low rate of shedding and transmission of 
PRRS MLV between piglets in lactation areas under field conditions and using standard 
internal biosecurity farm management. 
The increasing number of PS farms from the beginning of the study (February 
2017) until July 2017 with a subsequent decrease from October 2017 until January 2018, 
could be related to the seasonal effects associated with winter that can increase the 
incidence of PRRS (11). On the other hand, the decreasing number of PS farms also 
observed from July to October 2017 could be due to other epidemiologic factors (12) 
which should be further investigated; such as breeding herd replacement flow between 
farms (13). 
Overall, our findings suggest a highly dynamic PRRS epidemiology within the farms 
with frequent new infections and recirculation of PRRSV. Most of the PRRSV strains 
identified through PRRSV ORF-5 nucleotide sequence were included in one of the clusters 
described in this study and presented a very close relationship with others strains found 
in different farms at different times, indicating a significant PRRSV transmission between 
farms; which are all owned by one company. This highly dynamic PRRS epidemiology in 
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this integrated group could be related to the geographical location of the farms in north-
east Spain regions (Catalunya, Aragon and Navarra) with the highest density of pig farms 
in Spain and an area with the most intensive commercial pig and slaughtering activity in 
the country (14). Moreover, an expansion of productivity was implemented in the 
company during the study period including increased farm capacities, high breeding herd 
replacement rates, and integration of new breeding farms into the system collectively 
made it difficult to establish and implement a global PRRS control strategy within the 
production system.  Thus, the PRRS control strategies were tailored for each breeding 
herd. 
Conclusion 
From February 2017 to March 2018, we observed a highly dynamic PRRS 
epidemiology within different breeding herds from the same integrated group. 
Percentage of PS farms ranged from 32.4% to 74.3% during the study period. Over the 35 
study farms, 9 farms never reached PS status and just 1 farm was classified as PS for the 
whole study period. On the other hand, 25 farms shifted its PRRS status at least once 
during the one-year period. Under PS status, SMV with UNISTRAIN®PRRS showed minor 
interference with the PRRS status classification. In just 8 out of 58 SMV events applied 
under PS status, we observed occasional positive PCR results in the following sampling 
just after a PRRS SMV. 
From positive-PCR samples, 47 different PRRSV strains were identified by ORF-5 
nucleotide sequencing from 24 different farms. In 15 farms, more than one PRRSV strain 
was observed during the study period. 8 different PRRSV clusters encompassing 40 of the 
sequences were defined according to sequence homology and phylogenetic analysis. 
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Overall, establishing this systematic monitoring program for PRRS set the basis for 
the knowledge of the PRRS epidemiology at both the system group and farm level and 
provided key data for PRRS status farm classification. These data will allow us to further 
evaluate the possible impact of PRRS farm status on productive and economic 
performance of breeding herds, to further investigate factors related to PRRS 
epidemiology and to plan strategic actions for the control of PRRS 
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Abstract 
Background 
In breeding herds, porcine reproductive and respiratory syndrome (PRRS) clinically 
manifests as increased abortions, number of stillbirths, and pre-weaning mortality, and as 
a direct consequence, results in a decrease of the number of piglets weaned per sow per 
year. Breeding farm classification according the PRRS virus (PRRSV) status (unstable or 
stable) is a key control strategy for this disease. The aim of this study was to evaluate the 
production improvement related to achieving a PRRS stable status in breeding herds in 
Spain. For this purpose, epidemiological and productivity data were collected from a 
systematic PRRSV monitoring program in 35 breeding herds from a large integrated swine 
group in Spain. A comparative statistical analysis was conducted using four key 
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production indicators (KPI) between different PRRSV status and a generalized linear 
mixed model: weekly abortions/1000 sows (ABTHS), born-alive rate (BAR), pre-weaning 
mortality rate (PWMR), and number of weaned piglets per 1000 sows (WPTHS). 
Results 
From the 35 monitored farms during a total period of 58 weeks, we collected 49 to 
58 weeks of production data and PRRSV classification status for each study farm. This 
represented a total of 1997 (741 unstable and 1256 stable) weekly data collected that 
was eligible for the KPI comparative study. PRRSV stability was associated with significant 
improvement in BAR (+1.08%, p<0.0001), PWMR (-0.95%, p<0.002) and WPTHS (+25.22, 
p<0.0001). 
Conclusions 
These results demonstrate for the first time the improved production due to 
achieving PRRSV stability in breeding herds under field conditions in a European country. 
Increased born-alive piglets and a reduction of piglet pre-weaning mortality represents an 
increase of 1.3 weaned piglets per sow per year if PRRSV stability was achieved and 
maintained for one-year period in a breeding farm. 
Keywords 
PRRSV, monitoring, breeding herd, stability, productive parameters. 
Background 
Porcine reproductive and respiratory syndrome (PRRS) is an endemic swine 
disease causing significant production and economic losses in pig farms due to 
reproductive failure in breeding females and respiratory distress in pigs of different ages 
(1, 2, 3).  In breeding herds, PRRSV reproductive disease manifests as an increase in 
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abortions, number of stillbirths, and pre-weaning mortality, and as a direct consequence, 
results in a decreased number of weaned piglets (WP) per sow per year. 
PRRS epidemiological knowledge at the farm or regional level and farm 
classification according to the PRRS virus (PRRSV) status are a key control strategy of this 
disease (4, 5). In 2010, the American Association of Swine Veterinarians (AASV) Board of 
Directors approved a herd classification system for describing PRRSV status based on the 
shedding and exposure status of the herd (4). In this classification, four main PRRSV status 
categories were described: 1) Positive Unstable (PU): Category I; 2) Positive Stable (PS): 
Category II, 3) Provisional Negative: Category III, and 4) Negative: Category IV, based on 
the detection of PRRSV by RT-PCR, and anti-PRRSV antibodies by ELISA in serum samples 
following a standardized sampling protocol.  
In breeding herds, PU status is established when breeding herds demonstrate a 
positive shedding and exposure status. It is also the default category when the herd 
shedding and exposure status have not been confirmed and testing not conducted.  In 
contrast, PS status is established in breeding herds when there is an absence of clinical 
signs of PRRS in the breeding herd and lack of a sustained detectable viremia in monthly 
testing of at least 30 weaning-age pigs for a minimum of 90 days. 
Production and economic impact of PRRSV infection in breeding herds have been 
broadly estimated on the bases of impaired production related to clinical outbreaks in 
North America (6, 7, 8), Europe (9) and Asia (10). However, association between PRRSV 
status of breeding herds and their productive performance have been reported just in the 
United States (11) but not in Europe. Estimation of the possible enhancement of 
productive parameters related to the achievement of PS status can provide key 
information in order to evaluate the real production impact related to PRRSV endemic 
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circulation in positive farms and to consider the cost-benefit of the prevention and 
control strategies in order to achieve this under field conditions. 
The aim of this study was to evaluate the production improvement associated 
with establishing a PS status in breeding herds under field conditions in Spain. For this 
purpose, epidemiological and productivity data were collected from a PRRSV systematic 
monitoring program carried out in breeding herds of a large integrated swine group in 
Spain. In this monitoring program, breeding herds were classified according to the AASV 
standardized PRRSV status categories. In addition, ongoing standardized diagnostic 
monitoring, weekly abortion rate, percentage of born-alive piglets, pre-weaning mortality 
rate and number of WP were summarized and reported for each weekly PRRSV status. 
The major outcome of interest was the change in production between farms in the PU 
and PS status. 
 
Material and Methods 
Study design and study population 
Data was collected for one-year using a PRRSV systematic monitoring program 
implemented in 35 Spanish breeding herds between February 2017 and March 2018. 
Comparative statistical analysis of four key production indicators (KPI) between PU and PS 
status was performed using a generalized linear? mixed model. A mixed model was 
defined for each KPI using the corresponding KPI as a dependent variable, weekly PRRSV 
status classification as explanatory fixed variable and the farm breeding genetics as 
explanatory random variables.  
All 35 breeding herds (76,800 sows) belong to one large integrated group located in Spain. 
Farm size ranged from 550 to 3900 sows and all farms were considered endemic for PRRSV, 
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Mycoplasma hyopneumoniae, Actinobacillus pleuropneumoniae and Influenza A virus at 
the beginning of the study period. All farms were located in North-East Spain covering 3 
autonomous regions: Navarra (3 farms), Aragon (25 farms) and Catalunya (7 farms). There 
were four different swine genetics used in the system. Additional individual farm 
information is summarized in Table 1.  
Diagnostic monitoring protocol 
A systematic monitoring sampling for the classification of PRRS status was 
designed based on the AASV guidelines (4). More specifically, study farms adopted a 
diagnostic monitoring protocol consisting of monthly individual blood sampling of 30 due-
to-wean piglets. Sampled piglets were selected according the following criteria: one piglet 
per litter, preferably low-weight/weak piglets, and preferably from first parity sows. 
There was a slight modification from the AASV recommended pooling protocol based on 
common practice for that area. Serum from individual blood were pooled (5 pools of 6), 
and tested for PRRSV RNA by RT-PCR (12).  
Molecular diversity of PRRSV 
Selected PCR-positive samples were submitted for PRRSV open reading frame 5 
(ORF-5) nucleotide sequencing by the Sanger method (13), which allowed description of 
PRRSV genetic diversity among study herds including a proportion of vaccine-like and 
wild-type PRRSV. PRRS ORF-5 sequences were analyzed using Geneious 11.1.5 software 
(Biomatters LTD, NZ). 
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Table 1. Demographic information of the farms included in the study. 
Farm 
identification  Location (Spanish region) Sows Genetic code Production system* 
1 Catalunya 3000 A S1 
2 Aragon 1200 A FTF 
3 Catalunya 550 A FTF 
4 Catalunya 3000 A S1 
5 Catalunya 1000 A S1+S2 
6 Aragon 750 A S1+S2 
7 Catalunya 3500 A S1 
8 Catalunya 1100 A S1 
9 Aragon 550 A S1 
10 Aragon 1080 A S1 
11 Aragon 800 A S1 
12 Aragon 550 A S1 
13 Aragon 2800 B S1 
14 Aragon 2580 A S1 
15 Aragon 3000 B S1 
16 Aragon 3000 B S1 
17 Aragon 3500 B S1 
18 Aragon 2300 C S1+S2 
19 Aragon 2400 C S1+S2 
20 Aragon 2800 B S1 
21 Aragon 1200 A S1 
22 Catalunya 3500 A S1 
23 Aragon 2400 C S1 
24 Aragon 3300 B S1 
25 Aragon 2600 B S1 
26 Navarra 2900 C S1+S2 
27 Navarra 2900 C S1+S2 
28 Aragon 3300 C S1 
29 Aragon 620 C S1 
30 Aragon 2800 D S1+S2 
31 Aragon 950 C S1+S2 
32 Aragon 3900 B S1 
33 Aragon 3500 B S1 
34 Navarra 2000 B S1 
35 Aragon 1500 B S1 
*Production system: S1: Breeding farm; S1+S2: Breeding + Nursery farm; FTF: Farrow-to-
Finish farm. 
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Epidemiological data collection 
Complementary information related to PRRSV vaccination practices in each farm was 
collected through an interview of farm staff at every sampling period. This interview 
included questions about vaccination events performed in the farm since the last sampling 
visit, recording last vaccination date, and type of vaccine for either sows or piglets. In the 
event piglets were vaccinated prior to visiting the farm, samples were collected from the 
oldest piglets present but not yet vaccinated and in farrowing rooms where no other piglets 
were vaccinated.  
PRRSV weekly status classification 
Weekly PRRSV status classification (PS or PU) was based on PCR results from due-
to-wean piglet samplings. It was assumed that all positive farms were PU at the beginning 
of the study, since no previous systematic PRRS diagnostics were available. Farms reached 
positive stable (PS) status after four consecutive negative PRRSV PCR test for all pools 
tested. PS time was established at the time of the first PCR negative sampling in the series 
of four negative samplings. When at least one pool was PCR-positive, farms were kept in 
the PU status. Similarly, farms that reached PS status during the study period turned to 
PU when at least one pool was PCR-positive. To describe changes in PRRSV status over 
time, weekly status of the farm was established based on the PCR results of the most 
recent samples. 
When PCR-positive results were obtained from PS farms in samples collected after a mass 
PRRSV vaccination of the sows (SMV) with a modified live virus (MLV) vaccine, ORF-5 
nucleotide sequence and epidemiologic data were evaluated in order to determine the 
possible detection of MLV by PCR and the final weekly PRRSV status classification was 
determined at the next sampling. For these cases, PU classification was determined when 
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a PRRSV field strain was identified by ORF-5 nucleotide sequence just after SMV or 
following consecutive samples. On the other hand, PS classification was maintained when 
ORF-5 nucleotide sequencing was not possible due to lack of sufficient genetic material in 
PCR-positive samples and PCR-negative results were observed in following samplings, or 
when MLV PRRSV strain was identified as the circulating virus. 
Production data collection and KPI calculation 
Weekly production data from February 2017 to March 2018 from all 35 farms was 
provided at the end of the monitoring period in order to calculate the four weekly KPI 
evaluated in this study: number of weekly abortions per 1000 sows (ABTHS), average 
number of piglets born alive per litter (BAR), average weekly pre-weaning mortality rate 
(PWMR), and average number of WP per litter per 1000 sows (WPTHS). 
Calculation of weekly KPI is summarized in Table 2. Briefly, ABTHS and WPTHS 
were calculated based on number of abortions and number of WP, respectively, related 
to the number of productive sows present in the farm that week. BAR as a percentage 
was calculated based on the sum of total number born piglets (sum of stillbirths, 
mummified, and born alive). Finally, PWMR was calculated based on weekly number of 
dead suckling piglets relative to the number of piglets born alive. 
Table 2. Formulas for KPI to calculate the impact of PRRS on reproductive performance in 
breeding herds. 
Weekly Key Predictor Indicator 
(KPI) Calculation from productive parameters 
Abortions x 1000 sows (ABTHS) Nº abortions / Nª productive sows x 1000 
Born-Alive rate (BAR) (%) (Nº born-alive piglets /  (Nº still-born +Nº mummified + Nº born-alive)) x 100 
Pre-weaning mortality rate 
(PWMR) (%) (Nº dead lactating piglets / Nº of total born) x 100 
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Statistical analyses 
Comparative statistical analysis of weekly KPI between different PRRSV status was 
performed using a generalized linear mixed model (GLMM) using the Glimmix procedure 
of SAS 9.4 analytic software. In these models, each KPI was defined as the response 
variable respectively, meanwhile “PRRS status” was defined as the fixed effect 
explanatory variable. Additionally, “farm”, and “genetics” were included as random effect 
variables in the models in order to control possible variability between farms and genetics 
on KPI estimations. 
Since the variables ABTHS and PWMR did not follow a normal distribution, 
logrithmic modification of these variables was applied to improve goodness of fit of the 
models. Moreover, for the ABTHS model, the logarithmic ABTHS variable was treated in 
the model as a Poisson distribution since it included a large amount of zeros in the 
dataset of this variable. 
Results 
From the 35 monitored farms during a total period of 58 weeks, we collected 
between 49 to 58 weeks of production data and PRRS status classification for each study 
farm. This represented a total of 1997 weeks of data collected that were eligible for the 
KPI comparative study regarding the PRRSV status. According to PRRSV status 
classification criteria, 8 farms remained PU and 10 farms PS for the duration of the study 
period, respectively. In contrast, 17 farms demonstrated an alternating PRRSV status 
during the monitoring period. Altogether, 741 (37.1%) weeks were classified as PU and 
1256 (62.9%) weeks as PS. 
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From the primary production data, ABTHS was calculated for all 1997 weeks, BAR 
for 1991 (99.7%) weeks, PWMR for 1648 (82.5%) weeks, and WPTHS for 1985 (99.4%) 
weeks. Calculation of BAR, PWMR and WPTHS was not possible for all 1997 weeks due to 
missing or inaccurate information from some weekly production data. Mean and standard 
deviation (SD) values for each KPI from the whole study group and for each PRRS status 
are displayed in Table 3. 
Table 3. Mean and standard deviation (SD) values for each KPI based on PRRSV status 
KPI Overall  (Mean±SD) PU (Mean±SD) PS (Mean±SD) 
ABTHS 1.01±1.61 (n=1997) 1.13±1.77 (n=741) 0.93±1.49(n=1256) 
BAR (%) 91.04±0.04 (n=1991) 90.43±0.05 (n=738) 91.44±0.04 (n=1253) 
PWMR (%) 12.41±0.05 (n=1648) 13.36±0.06 (n=609) 11.79±0.04 (n=1039) 
WPTHS 540.16±94.62 (n=1985) 520.90±101.77 (n=732) 552.45±87.62 (n=1253) 
Using GLMM, we observed significant differences for all KPI, except for ABTHS, 
between PU and PS status. Weeks under PS status had a significant increase of BAR 
(+1.08%) and WPTHS (+25.22) and a significant reduction of PWMR (-0.95%) when 
compared to PU herd-weeks (Table 4). 
Table 4. Weekly estimated KPI means and 95% confidence interval (95% CI) for PU and PS. 
KPI PU (Mean (95% CI)) 
PS 
(Mean (95% CI)) 
Mean 
Difference 
(PS-PU) 
p-value 
ABTHS 0.78 (0.59, 1.02) 0.84 (0.65, 1.09) +0.07 0.297 
BAR (%) 90.53 (89.00, 92.06) 91.61 (90.10, 93.12) +1.08 <0.0001 
PWMR (%) 12.15(11.05, 13.36) 11.20 (10.22, 12.28) -0.95 0.002 
WPTHS 507.74 (465.43, 550.04) 532.95 (491.03, 574,88) +25.22 <0.0001 
 
Discussion 
This study presents for the first time comparative field production data from 
breeding herds regarding their PRRSV status in a European country. Based on the four 
weekly KPI evaluated in this study, and using a GLMM for its estimation, achieving PRRSV 
stability can improve productivity in breeding herds. This improvement resulted in 1.08% 
increase in piglets born-alive and a 0.95% decrease in piglet mortality during the lactation 
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period resulting in an overall increase in the number of WP per sow. We estimated an 
increase of 25 WP/1000 sows for each week of PRRSV stability achieved. Therefore, on a 
yearly base (52 weeks) we estimate an increase of 1.3 piglets/sow/year (PSY) if PRRS 
stability is achieved and maintained for one year. 
These results partially agree with data reported in two previous studies in the USA, 
where PRRSV production impacts in breeding herds was estimated to range between 1.44 
PSY (11) and 1.92 PSY (8). Disparity between estimates of PSY regarding PRRSV status 
could be due to differences in the models used for estimations in each study, differences 
between pathogenesis of the specific PRRSV infecting the farms (14), differences in 
biosecurity and management strategies for PRRS control, or differences in the immunity 
against PRRSV in breeding herds (11). For this last point, all farms involved in our study 
were applying three mass vaccinations per year for all sows in addition to occasional mass 
vaccinations due to new PRRSV clinical outbreaks. The consistency and magnitude of the 
immune response of the breeding herds in our study, due to this vaccination regime (15, 
16, 17), could explain the lower impact of PRRSV on the PSY compared to the other two 
studies. 
Although abortions during the late stage of pregnancy is one of the main clinical 
signs of PRRSV infection in breeding females (18, 19, 20), abortion rates were not 
significantly different between PU and PS weeks in our study. This lack of difference in 
abortion incidence could be due to a possible misclassification of the PRRSV status during 
the 1-3 weeks just after a clinical PRRS outbreak with increasing abortions as a first 
clinical sign in PS farms. The monitoring program used for this study was designed for the 
PRRSV status classification of breeding herds and not for reporting PRRS clinical 
outbreaks. So when an outbreak occurred in a PS farm, according to the monitoring data 
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and criteria, the shift to PU may have been established 1-3 weeks later, possibly 
misclassifying the first abortion cases under PS status classification. 
In order to correct this delay in other future monitoring programs, a 
complementary, standardized PRRS outbreak reporting system should be implemented. 
This may include a complementary specific sampling when initial PRRS clinical signs are 
recognized and using it as a complementary point for PRRS status classification or 
establishing a close follow-up of production parameters indicating a PRRSV clinical 
infection in order to detect early outbreaks and/or to quantify the production losses 
attributed to PRRSV infection (21). 
This delay of PRRSV status classification would not affect the estimation of the 
other KPIs of the study since they would not be significantly affected until 2-3 weeks after 
the PRRSV infection has become established in the breeding females, corresponding to 
the next sampling time and a shift of PRRSV status according to PCR results observed in 
that sampling. 
In spite of new alternative population-based PRRSV monitoring methods recently 
implemented for breeding herds that allow affordable, high volume, and high frequency 
samplings (weekly/daily), such as piglet processing fluids (22, 23) or family oral fluids at 
weaning (24), had been proposed at the start of the monitoring program involved in this 
study, the criteria to establish PRRS status for breeding herds using these methods was 
not well defined at that time. Moreover, castration of piglets in Spain is an unusual 
practice restricting the availability of processing fluids in most breeding farms. Finally, we 
can consider the criteria of four consecutive monthly negative results on 30 due-to-wean 
piglet individual serum samples, appropriate for monitoring PRRSV positive breeding 
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herds under PRRS epidemiological field conditions in Spain and without the purpose of 
PRRSV eradication, where expected PRRSV prevalence is often below 10% (4). 
Conclusion 
Using the criteria of four monthly consecutive negative PCR results on 30 
individual due-to-wean piglet sera pooled by 6, achieving PRRSV stability in breeding 
herds did not result in a significant reduction in abortion rates but represented a weekly 
production enhancement due to the increase in BAR (+1.08%) and a decrease of PWMR (-
-0.95%). These improvements come with an increase of the number of weekly WPTHS 
(+25.2) that would account for an additional 1.3 PSY when achieving and maintaining the 
PS status for a whole year. These results provide for the first time an estimation of the 
productive impact of PRRSV stabilization in breeding herds in Spain. The assessment of 
the productive improvement of PRRSV stabilization can play a key role in the 
encouragement of farmers to take action on and invest in the control of this disease in 
breeding herds. 
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CHAPTER 4: GENERAL CONCLUSION 
The establishment of a one-year systematic monitoring program for PRRSV in 35 
breeding herds belonging to a large integrated swine group in Spain allowed us to better 
establish understand the epidemiology of PRRSV within the study population, and 
indirectly, in the swine industry in Spain; since this group can be considered a significant 
representative of integrated swine production in Spain which accounts for 80% of the 
breeding farms in this country. 
For the first time, it became evident that PRRSV presented a highly dynamic 
epidemiology in the study population, with 71.4% of the farms shifting at least once its 
PRRS status, 25.7% of the farms never achieving the stabilization and just one farm 
remained stable during the entire year of monitoring period. Moreover, the percentage 
of unstable farms at any one time ranged from 32.4% to 74.3%. In addition, just over 50% 
of the farms shared, at least once, a PRRSV strain, indicating the complexity of the 
epidemiologic relationships between farms in the group. 
Taking all these facts together, we can realize the strong difficulties necessary to 
control and stabilize PRRSV in breeding herds under field conditions of the swine industry 
in Spain; based mainly in middle-large scale integrated groups and commonly without 
well-defined control strategies or even without systematic monitoring programs for PRRS. 
Stabilization of PRRS in breeding herds is a milestone not just for control of viral 
infection but also to minimize the impact of PRRSV infection on the production 
performance of the sows. According to our results, PRRSV stabilization represented a 
weekly increase of 25 weaned piglets per thousand productive sows present in the farm, 
which would mean an increase of 1.3 piglets per sow on a yearly basis. This production 
improvement in the breeding herds, attributed to achievement of PRRSV stability would 
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be related to the enhancement of different production parameters such as the piglet 
born-alive rate and the pre-weaning mortality rate. 
This production improvement assessment provides us key additional data in order 
to better evaluate the real economic impact of PRRS and the benefits of its control, and 
so, supplying significant information in order to elucidate the profitability of the strategies 
and actions to implement for the control of PRRS. 
Therefore, the results of this project underline the necessity for the swine industry 
in Spain to take further steps for the improvement of the monitoring procedures for 
PRRS, establishing routine systematic programs in breeding herds, in order to better 
understand the epidemiology of this virus and to assess its impact on the productivity of 
the farm. 
